Évaluation rapide de fonctions hypergéométriques by Jeandel, Emmanuel
HAL Id: inria-00069930
https://hal.inria.fr/inria-00069930
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Évaluation rapide de fonctions hypergéométriques
Emmanuel Jeandel
To cite this version:
Emmanuel Jeandel. Évaluation rapide de fonctions hypergéométriques. [Rapport de recherche] RT-
0242, INRIA. 2000, pp.17. ￿inria-00069930￿
IS
S
N
 0
24
9-
08
03
ap por t  
     t e ch n i qu e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Évaluation rapide de fonctions hypergéométriques
Emmanuel Jeandel
N° 0242
Juillet 2000
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,
615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)
Téléphone : +33 3 83 59 30 00 — Télécopie : +33 3 83 27 83 19
 	

 
!#"%$&'()  *+  ,-. /&
(!
021313465879;:*<69=465>-9?:
@BADCEF%EGHJILKE	MONPEQSRUT;NSVNPE	Q
E W*V	XQYV ZOQ8[]\=F_^6RUQSNS`?ZOE
a.b RcdE W a RUQYe2f
g XhihjR b WBW]EkV A MONY`?ZOE2M6l-m;Gn?GHJoUZONSQSQPEW(GUmUm;m2Hqpsr2hjXTUEk[
tvuw?xky-z uwv{| R;Zi[_h b KEk[}E	M?W]RUMj[2NSVN~Q NPF%hOQYXM?WXW]NSRUMOE	[_RUMiV W]NSRUMi[ A \?h6E b TKERUF3KEW b NS`?ZOEk[2OXMj[_QYX^ONS^OQSNPRUW A8CE	`?ZOE a~g2
 EkV N,XKEWOKEE E	VWZBKE CXQ XUNSOEE&QSXFKE W A RE&NSMiX b \=hOQSNW]W]NSMOT  MXUQPT;R b NW A F%ETKE	MBKE b NY`?ZOEXLR;MiVKE WOKE&V b KEDKEU`?ZON,X
h6E b F%NS[BQ XUFKEQSNPR b XW]NSRUMEQ EhjR;MOEM?W]NSEQSQSEUE2V E b WXNSMOE	[BV R;Mi[}WXM?WE	[	;EWBQ NPF%hOQYXM?WXW]NSRUM
Z
[}NSM=Zi[E W(Z
V R;[]NSM?Zj[  | R;Zi[
E=h6R;[]RUMj[Q XQSTUR b NPW A F%EhjR;Z b QPE VX;[ b XW]NSRUMOMOE	Q¡hOZiNS[MOR;Zi[F%RUM?W b RUMi[V R;F%FE	M?W2VE VXU[hiX b WNSVZOQPNSE b h6E b F%E WD RU^WEMON b
Q EhjR;MOEM?W]NSEQSQSE  | RUZi[ZWNPQSNY[}R;Mi[EMj[}ZONPW]E,ZiMOE,FKE W A RE,[}NSF%NPQYXN b EBh6RUZ b QSE	[¢XZW b Ek[R;MiVWNPR;Mi[ U£ Ek[E hBKE b NSEMiVE	[-F%RUM?W b EM?W
`?ZOE2QYXFKE W A R=OEEk[dW(hiQPZi[BE¤VXUVE2`;ZiEV EQSQSE	[BEF%hOQSRs\¢KEEk[h b KE	VKE	E	FF%E	M;WBOXMj[, a¢g2
¥§¦j¨ x©ª;« uw=x{  R;MiVWNPR;Mi[ A \=hjE b TKER;FKE W b NY`;ZiE	[	UNPMiX b \=hOQSNW]W]NSMOTiO^iNP^OQSNSRW A8CE	`?ZOE2 a~-g
 
2!8  2
 _ $*)_(+ B.  
 
!
 x ¨
	 ª ¨ { f(MXUQPT;R b NW A FR b  X;[dW.V	XQYV ZOQYXsWNPR;MRU A \=hjE b T;ER;FEW b NSV¢ZOMiV W]NSRUMi[	U^jXU[]E	RUMW A E(NSMiX b \=hiQPNPW}WNPMOT_FEW A R
NY[h b R;hjR?[}Ek  fv X;[dW,T;EMOE b NYV*VR=OENY[NPF%hOQSEF%EM?WE	DOXUQPQSR
,NPMiTW]RZi[]ENSM& a¢g []RUF%E*W b XMi[V E	MiEM?WXQjZOMiVWNPR;Mi[Eh8
[]NPMV R;[E b [dWV R;Mi[]NSE b W A EV	XU[]E¢RU b XW]NSRUMiXUQ;M=ZOF^jE b [	kW A E	ME~XhihOQP\W A E b Ek[}ZOQPW[W]RV R;FhiZW]E~W A EE h6RUMOE	M?W]NYXQ
RUjXiR?XsW]NSMOThjR;NPM?W M=ZOF^jE b	 EZi[]E.W A E[XF%E¢XUQPT;R b NW A FW]RVRUF%hOZWE~RUW A E bA \=hjE b T;ER;FEW b NSVZOMiVWNPR;Mi[  @BA NY[-FEW A R
T;N;E	[~TUR=R b Ek[}ZiQW[,NPW A X_^jEW}WE b V R;F%hOZWXW]NSRUMiXUQ6VRUF%hOQSE NPWd\W A XM&h b E=NPR;Zi[.NSF%hOQSEF%EM?WXW]NSRUMi[NSM& a~g XU[[ A R
,M
^=\&VRUF%hOZWE b [BE h6E b NPF%EM?W[ 
 w©  ¦!
" xU{$# \=hjE b T;ERUF%EW b NSVZOMiV W]NSRUMi[	iNSMiX b \=hOQSNW]W]NSMOTij a¢g QPNS^ b X b \
 	
	
 "!$#%'&(# 	)
* +
, - -
 
£ E	[.NSF%h b KE	VNS[]NPR;Mi[.EVXUQSVZOQ6[]RUM?W~[]RUZ!UEM?W¢QYX_V	XZi[]E*EMORUF^ b EZi[]E	[¢E bb E	Z b [	EW~NSQVRUM=NPE	M?W~E[X UR;N b QSE	[KE?NPW]E b	?£ X
^ONS^OQSNPRUW A8CE	`?ZOE(F%h b/. a R;Q1020436[	 Ek[dW cdZi[}W]EF%E	M;WBRUMiMKE(V E^OZWk?[	 XUhOhOZO\?XM?W~[]Z b QYX2T;E	[}W]NSRUM E	[~EM?WNPE b [~OXMi[I a ;KE	V b NPW]E
OXUMi[ . I b X;mUm43 ¢£  RU^cdEkVWNEV EW b X sXNSQBE	[}WcdZj[dWEF%EM?WD XF3KE	QPNSR b E b V E W]W]E^ONS^OQSNPRUW A8CE	`?ZOEUE	MQSZON(XcdRUZWXM?W`;ZiEQY`;ZiE	[
R;MiVWNPR;Mi[ CXQ XNYEE	[R;MiVWNPR;Mi[ A \=hjE b TKER;FEW b NS`?ZOEk[ E WE	M3NSF%hOQSXUM?WXM?WEk[ XQSTUR b NPW A F%Ek[^jXU[KE	[%[]Z b QSX'F3KEW A RE5 ~NSMiX b \=hiQPNPW}WNPMOT76 i£ E	[W b X sXZO&[}ZiNsXM?W[BRUM?W&KE WOKE b KEkXQSNS[KE	[98
: f(F3KE	QPNSR b XsWNPR;M&Z
VXUQSVZOQEQ E=h6RUMiEM?W]NSEQSQPE;;1<=_EW?> : fcdR;ZW*EA@CBD<8E F2@ :  b KE	XsWNPR;M8 ZOMV RE  TKEMBKE b NS`?ZOEh6RUZ b QPEVXQYV ZiQ D ZOMOE`;ZiEQYV RUMj`;ZiE2RUMiV W]NSRUM A \=hjE b TKER;FKE W b NY`?ZOEHG4IKJ2X ;E	VZOM
X b TUZOF%E	M;W b XsW]NSRUMiMOEQ 
:  b KE	XsWNPR;ME[V b NPhOW[,XZOW]RV R;M-EW(XZWRUF X'L;E 
| RUZi[VRUF%F%EMiVE b RUMi[ hiX b KE iMON b QPEk[-RUMiV W]NSRUMi[ A \=h6E b TKE	RUF%E W b NY`?ZOE	[	hOZiNS[MOR;Zi[KEW]ZiNSE b RUMj[QSEZ b NSF%hOQYXM?WXW]NSRUM%X UE	V
Ek[*X b T;ZOF%EM?W[ b XsWNPR;MOMOE	QS[  | R;Zi[(ZOW]NSQPNY[}E b R;Mi[(XUQPR b [,VE WXUQPT;R b NW A F%E2hjR;Z b V	XQYV ZOQSE b Q E hjR;MOEM?WNPE	QPQSE_D ZOMMOR;F_^ b E b KEE	Q¡
hOZiNS[,MiRUZi[,XUhOhOQSNS`?ZOE b R;Mi[BZOMOEW]EkV A MONY`?ZOEXMiXUQPR;TUZOEh6RUZ b V	XQYV ZOQSE b @CBD<EF2@	>;1<= 
M N(O )__."+ 
PRQCS TVUWYXHZ\[^][`_aZ\b
 MOERUMiV W]NSRUM A \?h6E b TKERUF3KEW b NS`?ZOE*hjR?[][ CE	OEZOMKEUE	QPR;hOh6EF%EM?W,EM
[KE b NPEE @ X \?QSR bCXQ R b NSTUNSMOEE2QSXR b F%Ec8
dfehgiajlkmnporq g q
R CZQSE	[,VR=E ¤V NSEM?W[~KE b NiE	M;WY8 orq's Jorq jut evwixyevwi
X ;E	V t EW x E	Z&h6RUQS\=M{zRUF%Ek[  EkV NE	[}WZiM&VX;[~X;[][]E |TKE	MBKE b XUQ¡`?ZON b ET b RUZihjE(QYXhOQPZihiX b WBOE	[¢RUMiV W]NSRUMi[BV R;MOM=ZOE	[ } M[}EQSNPF%NPW]E b XOXMi[~QYX_[]ZONWEXUZ&V	XU[
hiX b WNSVZOQSNPE b 8
dfehg~ijkmn o e o i % e o v  i'e"  i % e"  v  ivc e  i % e  v  i g q 
 EV	XU[2V R b]b E	[]h6RUMi'XZRUMiV W]NSRUMi[ A \=h6E b TKE	RUFKE W b NY`?ZOE	[Z'Wd\=hjEG4cJ e o~   Cri QSE	[2NSMiNYV Ek[2NSMiNY`;ZjXM?WQPEk[E	T b KE	[
Ek[,h6RUQS\?MzRUF%E	[ O`?ZON[	 RU^WNPE	MOMOEM?W,EM
h b EMjXM?W t ehvwiKje o vwi e"  vwi EW xyehvwiKjpe  vwie  vwir } M KEW]ZiNSE b XvKET?XQSEF%EM?WOXUMi[2QYX[}ZONPW]EOE	[_V	XU[E	MiV R b E hOQSZi[ b E	[}W b ENSM?W[2R CZ RUM X[}ZihOh b NPF3KE%QSE	[ sX b NYX^OQSE	[ o~   
 Q.[ XT;NW2RUMjVOE	[RUMiV W]NSRUMi[AJfJ n cJ_E W n  n   ME E W	QSX&hOQSZOhiX b W2E	[R;MiVWNPR;Mi[V RUZ b XUM;WE	[ h r  @B1<  E F2@ []RUM?W
R;^W]E	M?ZiE	[ CX%hiX b WN b EVE	[RUMjVW]NSRUMj[iVRUF%F%EQPE2F%RUM?W b EQPEWX^OQSE	XUZp 
)rc"` ¡$$¢"£¤¦¥§©¨'ª`«)  `¬"­«)®4¯°® $±°R²³°´µ°ª^"«) ¶·`²·²·)¨'¬¬"¸¹­¹­'«)¬%ºK"«)¸»"«)¸4 ¬^¼%¶·¬"°® ¨^f®7½ `¬"¯¹«)®¹ªa­°¬ª`«)®¹¬"¶·¯º` %ºa¯°®¹¬{²³°R¯º^¾®¹¶ "¶·«)®¯¹`¬w´1°¡$¶·²·²·`¬9¿¹ÀrÁ4
ÂÃ ®'ÄÅ)ÆÇÆ
n  & &¦' '~2
 ehgi g E	h b KE	[]EM?WXW]NSRUM
;1F ehg~i ehg   i G IKJ e 1 =    g~i
@CBD< ehg~i g  n IKJ 
	 =  g G
EF2@ ehgi n IKJ  =  $g G
 r eg~i n I n ehgi
E'< ehgi g G IKJ  2 =  	 = %$g G 
 p :  C))
 	
Ar  Dy  '
y"! $#
PRQP %'&)(*,+ _
-[^].0/ W21_34- * Wwb5- ( ][_aZZW * b6879687;: < 	 z uw ¨>=-¦" w?A@;B 	  DC8E«;@ ¨	¨ @FBHG
 R;FF%E	MIV R;Mi[BhiX b KE	V b N b EQYX%FKE W A R=OEZOW]NSQPNY[KEE2OXMj[,ZOMVX;[,[}NSF%hOQPE;OQSEVXQYV ZiQE2QYX_ X;VWR b NPE	QPQSE  | RUZi[,ZOW]NSQPNY[}E b R;Mi[
E	Mi[}ZiNWE2QPE2F zE	FEh b RVKEkKEhjR;Z b QPE2V	XU[,`?ZON8MOR;Zi[BNSM;WOKE b E	[[]E } M
h6R;[]E
 e)J  K iaj K J je)J  ie)J  = i  K 
f*QPR b [BR;M[	 XUhjE b IVRUNPW(`;ZiE
 e)J  K ij   J ML J NK=PO    L J NK=QO  K 
EW  e;J  J  iKjRJ  
 e;J  J`iKj   WBh6RUZ b VXUQSVZOQPE b vc7j  eFS  vwi NSQ[]Z¤%W*RUMiV28 ZWNPQSNY[}E b QPEk[BR b F_ZOQSE	[BVNUT E	[[]Zi[ b KE	V Z b []N;EF%EM?W  Q- XZOWV R;F%h b E	Mi b E_Q NSM?WOKE b zE W*EQSXFKE W A REE%VXUQSVZOQ'8Q NYKE	E_E	[}WE	M XUNW2EF_ZOQPW]NShOQSNPE b Ek[MORUF^ b Ek[*EFzEF%E
WXNSQPQSE =£ X_FKE W A R=OE*V QYXU[[}NY`?ZOEU?EQSQSEU b E?NSEM?W CX_F_ZOQPW]NShOQSNPE b ZiMT b XMi%MiRUF_^ b E ehv   i) .hjX b ZOMMOR;F_^ b E(^6E	XZjV RUZihhOQSZi[
h6E WNW  v VjEQSQPE_E	[}W*RUMiV^jEkXZiVRUZOh
F%RUNSMi[,E¤ V	XUVEc8iEQSQSEE E	V W]ZOEQSE2FzEF%E2MOR;F_^ b EEFZOQPW]NShOQPNYVXW]NSRUMi[	OF XNY[([]Z b Ek[
MOR;F_^ b E	[¢hOQSZi[~KE	[KE	`?ZONSQSNP^ b KEk[  £ X_FKE W A R=OE(^ONSMiX b \[]hOQSNW]W]NSMOT[]E b XR;MiV,hOQSZi[~E ¤VX;V EU? CEk[.`?ZOE*QYX2F_ZiQWNPhOQSNYVXsWNPR;MZWNPQSNS[]E
ZOMXUQPT;R b NW A F%EMiRUM
`;ZjXU b XsWNS`?ZOE  e2X b XW[]ZO^iXRUZ -@ ihiX b E=E	F%hOQPE  
 XUQSVZOQPR;Mi[%EM E6EWQYX V RUF%hOQSE NPWOKE } ME E	VWZOEZOMiEF_ZOQPW]NShOQSNSV	XsWNPR;MOELEZO3MOR;F_^ b E	[OE
WXNSQSQPEXWXY'=OhOZONY[ =
FZOQWNPhiQPNYVXW]NSRUMi[E'MOR;F_^ b E	[E'WXUNPQSQPEZWXY  E WV D,R CZ[W KEk[}NSTUMiELQYXWXNSQPQSE'OE vc ;W]\ v ;1F v   f*NPMi[]N,QSX
VRUF%hOQSE NWOKEEM&W]E	Fhj[,E	[}W*EK8
m ^`_Yn =abQc W= a s Jed
R CZfb eg~i KE	[]NPT;MOEQSEV RzZW(D ZOMOE2F_ZiQWNPhOQSNYVXsWNPR;ME =MORUF^ b Ek[BEWXUNPQSQPE g 
f*NPMi[]NiX UEkV*ZOMiE2FKE W A R=OE CXQYX%e2X b XsW[]ZO^iX Fb ev Y'= ifj[g b ehvwi  OQYX V RUF%hOQSE NPWOKEE	[}W*XQSR b [BEc8g  = g b e W i 
f UE	VQYX -@  hb ehvwiajv ;DFi v OQYX%V R;FhiQPE=NPWOKEEk[dW(XUQPR b [EMb ehvwiKj2j¦e b e W i ;1F
W i 
k)l{Âknm
 	
	
 "!$#%'&(# 	)
*  
687968796 < 	 «;G ¦! @ ¨ = zw
£  NYKE	E,E	[}W~E*V	XQYV ZOQSE b WRUZi[¢QPEk[¢VR?E¤V NSEM?W[~OXMi[.ZOMV E b WXNSM%R b  b E  UR;N b. e2X b 0?r 3 ;EMF%EW}WXUM?W¢QPEk[¢KEMOR;FNSMiXW]EZ b [
E	M
VRUF%F_ZiM 9} M
hjR?[}Eh6RUZ b VEQYX$8
$e;J  K iKj G	 s J
mq _ G   s J e o iY  4e o v  iei% %e  v  ivcµe%i %%e  v  i g q
 e)J  K iKj G	 s J
q _ G   s J vKe"  v  i
 e)J  K iKj Gq _ G  	J
 s J e o/ v  ie"  v   i
ge)J  K i j$e;J  K i e =
^
e KH ii G	 s J
q _ J e  v  i
g G s J
 Gq _ J e o/ v   i e"  v   i
j$e;J  K i q _Yn  e;J  vwi
g G s J
 q _ J  e;J  vwi} M
X%XQSR b [~QSE	[ b KEk[}ZiQWXsW[B[]ZON  XUM?W[Y8ge;S  K ij e oNK ie" NK i
 e)J 2 K ij  e;J  = K i  e)J  = K/ i
 e)J 2 K ij  e)J  = K i  e;J  = K   i
$e)J 2 K ij$e;J  = K i  $e)J  = KH ige)J 2 K ijDge)J  = KH  i  e)J  = K  i  g G  e)J  = K/ iege)J  = K i
 EkV N*MiRUZi[RUMiMOELR;MiVZOMiELFKE W A RE b KE	VZ b [}N UEE'VXQYV ZiQ¡[}R;M NPMiVRUM¢KEMiNPE	M;WF XcdEZ b KE WXM?WQ E	MiV R;F_^ b EF%EM?W
F3KE	FR;N b E   Q8MiE b Ek[dWEE	Mi[]ZONWEUi[]NDRUM UE	ZW*VXUQSVZOQSE b QSE	[?=h b E	FNSE b [,V R=E¤ VNPE	M?W[,E2QYX%[}R;FF%E;O`;Z CX%VXUQSVZOQSE b
$e W  S2iKj[ge W  S2i`g G Y  e W  S2i
} M b E	F%X b `?ZOE b X_OXMi[BVE W}WEFKE W A R=OE`?ZOEQ¡ RUMX_QYXh b R;h b N KEWOKE([]ZON sXM?W]EK8    E W g [}R;M;WBEM?WNPE b [	[}N o~    E W g QSE2[}R;M?W 
 EW*XQSTUR b NPW A F%E[ XscdZi[}W]E X;V NSQPE	FE	M?W*XZ
VXU[ b XsWNPR;MOMOE	Q¡E	M&h6R;[XM?Ww8
o j o Jo G  $j
 J G  ?j
 J G  g j
ÂÃ ®'ÄÅ)ÆÇÆ
   & &¦' '~2
6879687  ¦ " ww B ¥ 	 E« w
£  XUQPT;R b NW A F%EXUhOQSE[}E2KEkZONPW(E	[(VRUMi[]NY~KE b XsWNPR;Mi[.h b KEkVKEkEM?WE	[ 

		 j E s¦ ª e                  W i
« ¦ ª 	 « v      g hK2 !    #"$$%    #"$$%  Jv  j =  
  #"$$%& j ('   !    #"$$%) j  '   '     j+* @C-, e)J ' e   .  ' e;Jw  iCi  Jcj   vwi0/7  j1* @, ee      ' J^i ' e   2  ' J`i  Jfj2S  v   i$/2g  j43 ' e65785  * @, eCe  J`i ' e   2  ' J`i  Jj[S   v  i0/ !    "06% iYK  j  
  j v 
 = @ «¡w K:9 v " ¦  j  Y= '  g  j;* @C-, e !    #"$$% '  G ^ ' g G ^ J    #"$$% '  G ^ YJ ' g G ^  Jj     i0/7K  j = ' K !    #"$$%< j !    #"$$% G 
  j;* @, e  G ^ J '  G ^  Jcj    i$/2@>= K:9 v ¨>= w B   #"$$%< j   #"$$% G    j1* @, e  G ^ J '  G ^  Jj    i$/-?¦" A@ '; %e;g J Y e t J ' !    #"$$% ii
w B "
B C , D  O FE'
**+GL ,2!   (*
| RUZi[XQSQPR;Mi[¢KE WXNSQPQSE b QPEVX;[¢EQ¡ E h6RUMOE	M?W]NSEQSQPE;?`?ZON6E	[}WhiQPZi[[]NPF%hOQSE`?ZOEQPEVX;[¢TKEMBKE b XQshOZONY[]`?Z8 RUMh6EZOWKE	QPNSF%NPMiE b
QSE	[ sX b NYX^OQSE	[ o   E W  
HRQCS TVUW8- UWJI 30-br[$K ( ][_aZ
} M sX%F%XUNPM?WEMiXUM;W,Ek[][X \UE b E2KE b KE	VZ b []N UE b Q¡ XQSTUR b NPW A FE   E W}WE2FKE W A REE	[}W&KET;XUQPE	F%EM?WBXUhOhOQSNSV	X^OQSE2OXMj[BQPEV	XU[
TKEMBKE b XQ;F XNY[BRUMMOEKE WXUNPQSQSE b XQSE	[(V	XQYV ZOQY[,`?ZOE2OXMi[,VEVX;[ 
£ E	[,VXUQSVZOQY[,[}ERUM?W(MOR b F XUQPE	FE	M?W,[]ZON sXM?W,ZOMX b ^ b Ef8
L
L
L
L
L
L
M
M
M
M
M
M
L
L
L
L
L
L
M
M
M
M
M
M
N
N
N
N N
O
O
O
OO
gP* S  SQ/ gR* S 1 / gP* S  = / gP* S  	 /
gR*  S/ gP* 2D /
gR* =  S/} M sX%XQSR b [V A XMOT;E b Q¡ R b  b E8dKEsXQSZiXsWNPR;MEk[W]E b F%E	[	EM[]ZON  XUM?WBQ NSKEE2[}ZiNsXM?WEU sXQYX^iQPEh6RUZ b Q X b ^ b Eh b KE	VKE	E	M?W8
: } MVRUF%F%EMiVE2hiX b V	XQYV ZOQSE b ge;S  S7i :  MOER;NS[,`?Z8 RUMX%VXUQSVZOQ KE ge;S D i OR;M&h6EZOW*VXQYV ZiQPE b ge  S2i : } MV	XQYV ZOQSE geFS  = i : } MV	XQYV ZOQSE geFS  	 i i`?ZON8MOR;Zi[BhjE b F%EW*EVXUQSVZOQPE b ge 1 i ihOZONY[ ge =  S2i 
k)l{Âknm
 	
	
 "!$#%'&(# 	)
* r
£  R b  b E_Ek[VXQYV ZiQS[E	[}WON*KE b EM?Wk6F XUNS[QPEk[VXQYV ZiQS[E E	V W]ZBKEk[[]RUM?W2[}NSF%NPQYXN b E	[	6R;MiVQYXV RUF%hOQSE NPWOKEV R;F_^ONSMiXsWRUN b E
[]E b XQSXFzEF%E 
a QPZi[R b F%E	QPQSEF%EM?WkRUM
hjR?[}E;hjR;Z b v  
aehv  iKj 
	 G 	^`_   	  G 	 s J e  J`i
EW gev   iaj  	  G 	m^ _   	 G 	 s J vc g
^
J
} M[]ZOhOh6R;[]EV	XQYV ZOQ KE gehv  i E W ehv  i   j    =R;NWAW QYXhiQPZi[T b XMjEhOZONY[[]XUMiV EOE =`?ZONBN =NS[]E v p 
VU Ek[dW T CXT N b Ec8 v   j =  e = K/ i 9} M
X XQSR b [8
  *   W / gehv   iKj2gehv     i  aev 2    i,gehv  iaev 2  iKjaev   i 7aehv     i
 gev   W   iKj[gev  W iaehv   W  iKjehv  W i
f UE	Vh6RUZ b V RUM;EM?W]NSRUM  gev   S2icj  ev   iaehv   S2icj  ev   i
£  XUQPT;R b NW A F%ELXhOQSE2[ XhOhiZO\;XUM;W,[]Z b QYX b EF X b `?ZOEE	[}W*XQSR b [QPE2[]ZONsXUM;W{8
   j E  ¦ ª e     W i
« ¦ ª 	 « J  g   hK2       g  "    J  j =  g  j  "! eFS   W i  j  "! e;S  W i
= ¦! K ¨k¦ J "-¦
    j  ' K   g  j   "8 j K   jDS$
 = @ «¡w " 8 3 F$#?= jDS "-¦ a  j% a '   yg a  j+  g     ' g a     j a   g  j[g a " 8 j  Y'= ' "8   j A
¦ "  a  j+   g a  j+  g¦" g  Y  w B "
ÂÃ ®'ÄÅ)ÆÇÆ
   & &¦' '~2
HRQP % W I ( b- UWW *
£ E	[(XUQPT;R b NW A F%E	[Bh b KE	VKE	OEM?W[[}R;M?W  XUQSXU^OQSE	[Bh6RUZ b OE	[ b XsWNPR;MOMOEQY[	OE WkONPQY[(MiE[}R;M;W(hjXU[BE ¤V	XUV Ek[,h6RUZ b OE	[ b KEE	QS[  M
E6EW	 iXMi[VEVX;[WRUZWE	[_QPEk[`?ZiXM?W]NPWOKE	[2X UEkVQPEk[]`?ZOE	QPQSE	[2R;M'W b X  XUNPQSQSE%[]RUM?W_Ek[ iRUW}WXUM?W[_[]Z b v ^ONPW[	EWQPEF%R;NPMi b E
V	XQYV ZOQ8[]EE b XORUMiVX UEkVOE	[BMOR;F_^ b E	[,E v ^ONPW[ 9} M&h6E b 
RUMiVWRUZW(Q NSM?WOKE b zE WOEQYXFKE W A RE  f*NPMi[]NOhjR;Z b VXUQSVZOQSE b
Q EhjR;MOEM?W]NSEQSQSEU6RUMX b E	V R;Z b [ CX ZOMOEXU[}W]ZiVE_E_V	XQYV ZOQ-ZOE CX b EM?W .  b Esr   3 RUN b XUZi[][]N . # a 0?r%3  £  NY~KEE2Ek[dW[}NSF%hOQPE } MvKE	V b NPW g [}R;Zi[BQYX_R b F%EK8 g j g n  kma _Yn a a
X ;E	V g n EM?W]NSE b   a j = G 	   a 9 = G 	 } M[}E[}E b WBEMj[}ZONPW]EEQSX_R b F_ZiQPED XUONPW]NSRUMEQ¡ E h6RUMOE	M;WNPE	QPQSEhjR;Z b RU^WEMON bQSE2^jR;M b KEk[}ZiQWXsW 
R;M?W b RUMi[BQSE2~KE	VRUZOhjXTUE[]Z b ZOM
E EF%hOQSEc8
g j =
	 j  S 2 S   = 
gj  S     S 
g j = J 
S
= G 
	
= 

= 
 [][X \UR;Mi[EV R;F%h b E	Mi b E hjR;Zi`?ZORUNV EW}W]EUE b []NPR;MEk[dW_F%E	NPQSQPE	Z b EV []N¢RUM E6EkVWZOEQ XUQPT;R b NW A F%EX UE	V%Ek[ b KEE	QS[	DNSQ¢E	[}W
MBKE	V Ek[][XN b EE% XUN b EW]R;Zi[2QSE	[V	XQYV ZOQY[X UEkV_ZiMOE h b KE	VNS[]NPR;MF X=NSF_ZiF  XNY[2OXMj[V EW}W]EKEF X b V A E;6Q XU[}W]ZiVE E	[}W_`;Z NSQ
[]Z¤%W.hjR;Z b QSE	[-MORUF^ b E	[  XNS^OQSE	[EM sXQSEZ b XU^i[]RUQSZOE   NSF%hjR b WXM?W -EB XUN b EFR;NPMj[E,VXQYV ZiQFV  MhiX b WNSVZOQSNPE b  QSEMiRUF_^ b E
E(W]E b F%E	[~`;ZiNiNSFh6R b W]E	M?W.E	[}W¢^jEkXZiVRUZOh hiQPZi[. XNS^OQSE  f*NPMj[}N;[]NiR;M ;EZWVXQYV ZiQPE b QPE b KEk[}ZiQWXsW.X UEkV~ZiMOE(h b KE	VNS[]NSRUMy= q N  E v ^ONW[2EF%XUM?W]NY[][]E  DRUMXUZ b X^6E	[]RUNSM8DhjR;Z b RU^WEMON b  e  a Y  a i 8E%QYXMiVE b Q XUQPT;R b NW A F%EX UEkV W jv    f*NPMj[}NR;M'[]E b E	MiVRUF%hWE`;ZiEQSE	[2OEZVRUM?W b NS^OZW]NSRUMj[2[}E%V R;Fh6EMj[}E	M;Wk8E W`?ZOE%Q XUQPT;R b NW A F%E%[]E b XXNSMi[}NF%ENSQSQPE	Z b	  A XU`?ZOE
KEWXUhjE2[]E b KEkXQSNS[]ER;MiVEM j¦e b evwi ;DFi vwi OE W,Q XUQPT;R b NW A F%E[]E b X_NYV NEM j¦e b ehvwi ;DFi G vwi iX UEkV*Q XQSTUR b NPW A F%E -@ hjR;Z b
QYX%F_ZOQPW]NShOQSNSV	XsWNPR;M 
HRQH  Z (* b7W & W8--WH34-
77;:    w=y  E s¦" yH@ ¨ w E 	  yB wLzy-« ¨ @)E«;@ ª 	¨ @ ¦ B
} M sXV	XQYV ZOQSE b Q¡ E bb EZ b h b RZiNWE*hiX b QYXF_ZiQWNPhOQSNYVXsWNPR;MEEZ MOR;F_^ b E	[ o E W  h b RV A Ek[¢E  R;Mh6EZWW]R;ZscdRUZ b [
[	 \ b XUF%EMOE b 8[XMi[ b NSEM V A XUMOTUE b XUZ'V	XQYV ZOQY[D E bb EZ b DEW_RU^WEM=Zi[2X ;E	V%E	[E bb E	Z b [/>  e o i E W    e" i f} M NY[]hjR?[}E
R;MiV2E o E W   WEQY[,`?ZOE
 
 o  o  9    e o i     9 >  e"i    9  o  9  }p 
f*QPR b [ o    o  j e o  o iC 2 e"   i o o    o     e o  o i     e  i o  o    o     o  o        G 
£  E b]b EZ b []Z b QSEVXQYV ZiQ8E o   KE WXUM?W,OE  ZOQPh"!RUM
X RUMjVQSE b KE	[]ZOQPWXsW,[]ZONsXUM;W,EW*[}Ek[,V R b RUQSQYXN b Ek[98¢b]b EZ b []Z b QYXFZOQPW]NShOQPNYVXW]NSRUM
=N o EW  []RUM?WR;^W]E	M=Zi[X UE	VEk[E b]b EZ b [ b Ek[}h6E	V W]N UEk[8 XUZLhOQSZi[/   e o i EW   e" i 8XQSR b [ o  E	[}W2RU^WEM=ZX ;E	V
ZOMiE2E bb E	Z b D XUZ&hiQPZi[?   e" i  >  e o i   ZOQSh
Æ4$#&%('*)'¸4®¹¶ f¶·®H,+¹²³°¬"{­¹²³°ª`¨¯~º`¬"¶.-)®¹²·a¯¹` ®4¶· 0/¹¶ { `­¹ %º`¬"®°¶ ´~¯°®¹¬f¸¹®21¹«"°® 3®®¹«¯7½ +°4/¹¶ "¸¹¯¹ ¸¹²·­7¢654§©¨­¹¸¹¶·¬87 ¸¹aª`²·¸4¶ 9 ª`¶¯º`­'®4¯/¯¹¸:1¹«"°® `®;7 ¸¹`¬""¶·«)®7<f°®¹¬²³°¬"¸¹¶ )¨4²³°­¹²·¸¹­° w¯¹`¬=1«°® "¬\º^°® ¶·®4´Cº` "¶·¸4 ¬K±°\£)¨4«)®H®¹«"` ©°f»¸¹¬""A¸¹²·­H­'«)¸¹ \¸¹²·­7¢£C§^ k)l{Âknm
 	
	
 "!$#%'&(# 	)
* 0
 ZOFZOQD E bb EZ b [
: =N o J   orq []RUM?W RU^WEM=Zi[ X ;E	VZOMOEE b]b EZ b E >  e o ^ i XUQPR b [ o J  orq E	[}WRU^WEM=ZX UE	V&ZOMOEE b]b EZ b E     e o ^ i  ehv   i ZOQSh
: =N o Ek[dW,R;^W]E	M?ZX ;E	VZOMOE2E bb EZ b E>  e o i XQSR b [: o G E	[}W,RU^WEM=ZX UEkV*ZOMiE2E bb E	Z b E =f   e o i  ZOQSh: o G  Ek[dW,RU^OW]EM=ZX UEkV*ZiMOE2E bb E	Z b EA= q    e o i  e = q   i ZOQSh
7796 < 	 E 	 k¨ @ w 
	¨ @ ¦ BHB-w=« «¡w
 Q[	 XTUNPWBNSVNZVXUQSVZOQDQPE2hiQPZi[*[}NSF%hOQPEa8 } M
[	 NPM?WOKE b E	[[}E CXQ E bb E	Z b V RUF%F%NY[}E2E	MXUhOhjE	QSXUM?W
	
 "!
`?ZON=VXUQSVZOQPE¢QPEk[= h b EF%NSE b [DW]E b F%Ek[ E¢Q¡ E h6RUMOE	M;WNPE	QPQSE~OE  Y     j = G 	 $# j = a  X UEkVZOMOE~h b KE	VNS[]NPR;MVR bb Ek[}h6RUMjOXM?W]ECX&V EQSQSE_E_\ 6a R;Z b ~KE b NiE b `;ZiE_V EVXQYV ZiQMOR;Zi[ORUMOMOE_^ONPE	MQ E=h6RUMiEM?W]NSEQSQPE b EkV A E b V A KE	EUNSQ-[]Z¤%WOE¢KE b NiE b `?ZOE_Q¡ RUM
 XUNW*[]Z¤[]XUF%EM?W(EVXUQSVZOQS[  
£ R b []`?Z8 RUM XhihjE	QPQSE*V EW}WE(RUMjVW]NSRUMURUM&[]XUNW~`?ZOE  E	[}W~F XscdR b KEhjX b = G 	 =£ E,WE b FE*MKET;QPNSTKEEk[dW m^ % G  
^
 ^ J ?`?ZOE*Q¡ RUM
h6EZWF%XcdR b E b hiX b =  G G  e =  i) ~} M UEZOW,ORUMiV
=     G =   9 = !'&)(*
 Q[]Z¤%W*D X UR;N b  
= G 	  G 9 = !'&)(*} Z
EMjV R b E = =a YJ = ,+ = !'&-(*
 Q[]Z¤%W*R;MiVE2h b EMi b E W + ;1F G e  #/.  if A 
  E	[}W,^ONPE	MVE`?ZONDEk[dWBW b XUMi[}F%NY[EMh b XW]NY`;ZiEU=E W(R;MiVQPE^jR;MV	XQYV ZOQEk[dW,F%EMBKEc8NPQE	[}W(V E b WXNSM&`?ZOEQPEk[~W]E b F%E	[MBKE	TUQSNPTKE	[
[]RUM?W.^ONSEM%MBKE	TUQSNPT;E	XU^OQPEk[   RUF%F%EBW]R;ZW.QSE(VXQYV ZiQO[}EB XUNW¢X ;E	VE	[E	M?W]NSE b [sQ E b]b EZ b V RUF%F%NY[}E,[]Z b QSE b KEk[}ZOQPWXWE	[}W.FNSMONSF%EK8
E	QPQSE[}E b KE	[]ZOF%E CX¦=ZOQPh8iZOM
hjR;Z b QSXW b R;MiVXW]Z b EUEWBZiMh6RUZ b QSX%N =NS[]NSRUM 
 XUQSVZOQEQ E=h6RUMiEM?W]NSEQSQPE
£  E bb EZ b V R;F%FNY[]E2hiX b QSEVXQYV ZiQ8E2Q¡ E h6RUMOE	M?W]NSEQSQPED ZOM
MOR;F_^ b E b XsWNPR;MOMOE	QDE	[}W*E =-ZOQSh 
77 < 	  ¦ y-ªU« w E  @;B-ª@;E 	 «¡w
XUNPM?WEMiXUM;W*`?ZOE_Q¡ RUMV R;MOMiX¹z 0W(QSE	[(E bb E	Z b [,iXMi[*Q¡dKEsXUQPZiXW]NSRUM
EQ EhjR;MOEM?W]NSEQSQSE b XW]NSRUMOMiEQSQPE;ORUM
h6EZW~KE WXNSQPQSE b QSE
V	XU[ b KEE	QFV £ Ek[BE bb E	Z b [~h b R
=NSEMOMOE	M?W,OEW b RUNY[[]RUZ b VE	[Y8
: a RUZ b QSE	[ b KE	EQY[,[}ZOhBKE b NPE	Z b [ CX
p;RUM
RUh CE b EZOMOE b KE	ZjVW]NSRUM
D X b TUZOF%E	M;WkOV E`?ZON8MBKE	VE	[[}NPW]E2Ek[&KEQKE XW]NSRUMi[BXUZ
V	X bb KE
EM iM'8 XUQPT;R b NW A F%E  f(NSMi[}ND[}NR;MXhihjE	QPQSEy@ B   eg~iHj;3 ' e  ;1F G ehgi   S7i NPQ- XUZW2E E	VWZOE b @ B   eg~i KEQ KEsXW]NSRUMi[XZ
VX b]b KE 
: a RUZ b QSEh b E	FNSE b WE b F%EUOV E	QPZiNUT V NE	[}W&KET?XQSEF%EM?W,KEkVXQKE*OE213546 Y==R CZ7135456%KE	[]NPT;MOE*QYXWXNSQSQPE2Z
F%RW,F XUV A NSMOE
 + G_R;Z   n E W(RUM
X XZOWXM?W(DdKEQKE XW]NSRUMi[XZ
VX b]b KE 
: £ Ek[BF_ZOQPW]NShOQSNSV	XsW]NSRUMj[,EM?W b EW]R;Zi[BQPEk[ XUV W]EZ b [,V	XQYV ZOQ KE	[8iNPQ8\EMXE OXUV W]EF%E	M;W78 ;DFi G e %E ehg~iCi:9 ;1F G e 13546 i :;
a R;Z b W b RUZ ;E b Q E b]b EZ b V RUF%F%NY[}E;NPQi XZW.h b E	Mi b EBW]RUZOW]E	[~V Ek[RUhBKE b XsW]NSRUMj[ OXUMi[Q R b  b E(OXUMi[QSE	`?ZOE	QOEQSQPEk[.[	 E~KE	V ZOW]EM?W
<4arc¯¹`¸4¼%¶µ±¡$f´1°ª^`¸¹ >=%¶·®w¯¹¸\´1°¶ =7%¸4c²µ½ °².-)«) ¶ ,+¹¡$¸4"¶·²·¶·¬¸¹®H¯~º`ª`«)¸¹­°4-)a`®/¡$«"¬Y¡?°ª +¹¶·®¹`¬w`w®¹«)®\`®;/¹¶ "¬C
ÂÃ ®'ÄÅ)ÆÇÆ
pkm  & &¦' '~2
p ,£  XQSTUR b NPW A F%E(VRUF%F%EMiVE(hiX b QPE*V	XQYV ZOQ6Z h b EF%NSE b WE b F%E? e 
n Y  n i   EQSZON`T VNj[]E*VXUQSVZOQSE(EME	ZW]EF%hi[w8 } M
V R;FF%E	MiV E(hjX b VXQYV ZiQPE b Q¡ E h6RUMOE	M?W]NSEQSQPEZ b XsWNPR;MOMOEQ;VE*`?ZON6R=V	VX;[}NSRUMOMiE(ZOMOEE bb E	Z b E/=ZOQSh8;hiZONS[~RUME E	VWZOE
1346 Y'= KEQKE XW]NSRUMi[XZ
VX b]b KE ?£  E b]b EZ b VRUF%F%NS[]E2E	[}W(RUMiVEa8
= 13546  G   = 1346  G    e   e  n iCi
} Z&E	MiV R b E 	  = 13546  G  
G   Q\XE	Mi[]ZONWE%QPEk[\;1F G e %E eg~iCia ;DFi G e 1346 i F_ZOQPW]NShOQSNSV	XsW]NSRUMj[ D£~CX
XUZi[][]NjNSQ XZWD X^6R b LV	XQYV ZOQSE b WRUZWE	[QPEk[
E h6RUMOE	M;WNPE	QPQSE	[	OV E`?ZONDh b R
;R=`?ZOEZOMOE2E b]b EZ b OE =-ZOQPh
h6RUZ b V A XU`?ZOE XUV W]EZ b EVEhWOKEQPEh b EF%NSE b hOZONY[(VXUQSVZOQSE b
QPEk[Bh b R=OZONW[ j£  E bb E	Z b W]RWXQSEE	[}W*RUMiVEa8
e ;1F G e  C4E ehgiic ;1F G e 13546 iCi  e ;DFi G e %E ehgiif ;1F G e 13546 iCiJ7 =  	  = 135456  G  
RUZEMiVR b E 	 e ;DFi G e %E ehg~iCic ;DFi G e 135456 i  = 13546  G i 
+O  Q b E	[}W]E CX RU^WEMON b QPE b KEk[}ZOQPWXW iMiXUQ   Q XUZW* XUN b E_h6RUZ b V E	QSX @ B   ehg~i KEQKE XW]NSRUMi[*XZVX b]b KE; CXhiX b WN b Z b KE	[]ZOQPWXsW
RU^WEM=Z
OXMi[(Q¡dKE WXh6Eh b KEkVKEkEM?WE =£  E bb E	Z b W]RUWXQSEE	[}W(RUMiV2OEK8
e 	 e ;DFi G e %E eg~iCic ;DFi G e 135456 i  = 135456  G if  i =	 
  
  =	 
  
  
RUZEMiVR b E e 	 e ;1F G e %E eg~iiK ;1F G e 153546 i  = 1346  G ii = 	 
  
  
 ZONDh6EZW[]EF XscdR b E b hiX b = 135456  G s G s 	 
  
 ZiQPh
[}R;Zi[BQYXVRUMiONWNPR;MH8 	 e ;1F G e C4E eg~iiK ;1F G e 153546 i 9 = 153546  G
`?ZON8E	[}W ¢KE b N ,KEEEM
h b XsW]NY`?ZOE SS
 N (! &-(! 
 
! , ,
!8-(!
?QCS  / 1 * ( Za] ( ][`_aZ ?W * &;($* + _ -[`].0/ W
a R;Z b TKE b E b W]R;ZW]Ek[QPEk[RUMiV W]NSRUMi[	MORUZi[X ;RUMi[KEkV NY~KEOE%V b KEE b ZOMOER;MiVWNPR;MLTKEMBKE b NY`?ZOEU6`?ZOE%Q¡ RUM'NPMjV QSZW2EMi[]ZONPW]E
OXUMi[,QSEh b R;T b XF%F%E`?ZON8ORUNPW*VXQYV ZiQPE b QPEk[W]E b F%E	[ O£ Ek[(N UE b []E	[RUhWNPR;Mi[,[]ZONsXUM;WE	[BR;M;WKEWOKETKE b KEEk[8
: £ X%KEiMONPW]NSRUM
E	[BhjX b XF CE W b Ek[ o~    : £ X XUV W]R b NSEQSQPE2XUZ&M=ZOF3KE b XW]EZ b h6EZOWzE W b EV A XMiTKE	E : £ E2KE	MORUF%NSMiXsWEZ b h6EZWAzE W b EZOMOE2hOZiNS[[]XUMiV E2E =R;Z&ZOM
E	M;WNPE b `?ZOEQYV R;Mi`?ZOE 
£ EWX^iQPEkXZG_NSQSQPZi[}W b E2Q Zi[XT;EOE	[,hiX b XUF CE W b Ek[~OXUMi[BQSE	[BE E	FhiQPEk[KE WZiN KE	[ 
k)l{Âknm
 	
	
 "!$#%'&(# 	)
* pUp
dfeg~i t ehvwi Y xyehvwi  RE dfeg~iaj  eg~i v      	  	
	 	
 

     			
dfe`$g G iKj E F2@ e = gi ev   i ehv  JG i
   	  	
   	  	 
   	  	 
   	  	
	    

     			
dfe$g G iaj @CBD< e = gi= g

ev   i ehv ! G i
   	  	
   	  	#"
   	  	 
   	  	
	   

     			
dfeg~iajp ;D< e   g~ig v
 
v  =
   	  	%$
   	  	%$&'
   	  	%$(
   	  	
   	  	)
   	  	(
   	  	%*5+$,*	-$ 6
   	  	
	  
5.
     	/10	 	 2
dfe`$g G iKj E'< ehgig  g 43 v  JGv 5 G
   	  	%$
   	  	%$&'
   	  	%$'
   	  	
   	  	)"
   	  	'
   	  	
	  
 
   	  	%	6$,	*$ 6
   	  	%*5+$,*	-$ 6
     	/10	 	 2 G :87 )& D?!?# A# )
*'D)K'~ 	"
'Ar) 1)
ÂÃ ®'ÄÅ)ÆÇÆ
p G  & &¦' '~2
?QP   [Z 3b WY] I_abr[Z 3\b
£ Eh b R=VKE	KE2EV	XQYV ZOQ-E	[}W*NYV N W b	CE	[([]NSFNSQYXN b E_XUZVX;[*EQ¡ E h6RUMOE	M;WNPE	QPQSEK86RUMV	XQYV ZOQSE EF7@ e o ^ Y  ^ i EWH@CBD< e o ^ Y  ^ i hjR;Z b
Ek[ b XsW]NSRUMiMOEQY[=hOZiNS[,R;MXUhOhOQSNS`?ZOE2QYXR b F_ZOQSE
E F2@ e oH iKj EF2@ o E F2@  @B1< o @CB1< 
h6RUZ b RU^WEMON b QPE2V	XU[ b KEE	Q £ X%[]EZOQSENP¤V ZOQPWOKEEk[dW(NYV NDQSEVXUQSVZOQ8D E bb E	Z b	
H79687;:  ¦  z'y-« w=x G uw B uw 
	 «¡w?x
} M
KE	FR;M?W b ENYV NOE	[ b KE	[]ZOQPWXsW[B`;ZiNUR;M;W([]E b =N bCX%VXUQSVZOQPE b iMOE	FE	M?W(QPEk[BE bb E	Z b [ 
 " " @ ¨ @ ¦ B C ¦ y-x ¨
	 ª ¨ @ ¦ B } MhiX b WELE	Z3MiRUF_^ b Ek[ o E W   o h b RV A EE  E W  h b RV A EEmO ¡V E	[}W T CX T N b E
D E h6R;[XM?W
Tp*EW $v =X UEkV v + =[]Z¤[XF%EM?W¢T b XUMi! RU^OW]EM=Zi[X UEkV,E	[E b]b EZ b [c>  e o i EW>  e"i =E WORUM?WQSE*MiRUF_^ b E
EV A N b Ek[BE	[}W?%E e o ij %E e"i  f(QSR b [[]RUZi[BQYX V R;MiNPW]NSRUM
 ;1F G    C4E e" i >  e"i + %E e o i
R;ZE	MiV R b E;OXMi[BQSEVX;[,`?ZON8MOR;Zi[BNPM?WOKE b E	[[}E h%E e o iaj C4E ei 8
>  e"i 9  ;DFi G 
Q E b]b EZ b V RUF%F%NY[}EE	[}W(XZ
hOQSZi[,E>  e o i  =-ZOQPh  M
E E WkORUM
[]EW b RUZ ;EXUQPR b [BOXUMi[BQSX []NPW]ZiXW]NSRUM
[}ZON sXM?W]Ec8


		


! 	"#	$ &% 	(')')	(*+	($ -,.%/
0 XMi[V E%VX;[jQ¡ E bb EZ b ?NSEM?WZOMONY`?ZOEF%EM?W2E o QSE	[EZZiQPhi[ UE	MiXM?WE_Q E b]b EZ b []Z b   XUZF XsNPFZOF  ZOQSh *E W
E2Q E bb E	Z b [}Z b Q XUONPW]NSRUM 
 ¦! z'y «¡w "  	 " " @ ¨ @ ¦ B } M&hjX b W,OEAEF2@ o9 @B1< o~ EF7@   @B1<  i£ Ek[BE bb E	Z b [[]E2V ZOFZOQSEM?W*E2QYX_ X8IV R;M[]ZON  XUM?W]Ec8
 	 «¡ªUy-« " w E F2@ e oH i  Q XZW_V	XQYV ZOQSE b E F2@ o EF7@  EWA@B1< o @CB1<  DhOZONY[EMi[]ZONPW]E% XUN b EQYX
NP*KE b E	MiV E 8£  E bb E	Z b RU^WEM=ZOE
NSVN8E	[}W(RUMjV2E 	 ZOQSh     e EF7@ o i  >  e E F2@ i i[]N8RUMhjE	ZW(MBKE	TUQSNPT;E b QYXhjX b W]NYV NShiXsWNPR;ME@CBD< o @CBD<  
 	 «¡ªUy-« " w @CBD< e oH i  QD XUZW*VXUQSVZOQPE b @B1< o E F2@  EWEF2@ o @CBD<  ihOZONY[B XN b EQYX%[}R;FF%E i£  E bb E	Z b RU^WEM=ZOE2NYV N8Ek[dW(R;MiV
E 	 ZOQSh  >  e @CBD< o i     e EF2@ i E	M
MKET;QPNSTUEkXM?W~QSE	[(E bb E	Z b [BZ
[]E	V R;MiW]E b F%E  V	X b  E F2@ o @CBD<   9 @CBD< e  21 i  } MEMKEkZONPW,QPEV	XU[BZOM
h6EZ
hOQSZi[BTKE	MBKE b XUQ43#57e o/ i
=N8R;MNS[]h6R;[]EOE/E F2@ e o ^ i EW@B1< e o ^ i jX UE	VEk[,E bb E	Z b [OEH> 9EF2@ e o ^ i E W?  @CBD< e o ^ i 
: Q¡ E bb E	Z b []Z b EF7@ e  
^ _ q^ _ J o ^ i E	[}W(E 	 ev   i    ^`_ q^`_ J > E F2@ e o ^ i
: Q¡ E bb E	Z b []Z b @B1< e  
^ _ q^ _ J o ^ i Ek[dW(E 	 ehv  i    ^`_ q^`_ G > 9EF2@ e o ^ i  > 9@B1< e o J i
 ¦! z'y «¡w " y "-¦ y  « w @ RUZW []EhjXU[[}E&^ONPE	MiXMi[ZOMh b EF%NPE b WEF%hi[	hOZONY[]`?Z8 RUM[]E&hOQYXUVEiXMi[ZOMRUF XUNPMOE&R CZ EF7@ g  9  Y'=OE WRUM3E	[}W['zZ b `?ZOE&Q¡ RUMMOE&h6E b  hiX;[OE&h b KEkV NY[}NSRUM CXLV	XZi[]E&OEQYX[]RUZi[}W b XUV W]NSRUM { ME6EW	RUM3V RUZ b W
[]RUZ ;EM?WQSE b NY[`;ZiED X URUN bCXE6EkVW]ZiE b ZiMOERUhBKE b XsWNPR;M'Z Wd\=h6E o    X ;E	V o W b	CE	[h b RV A EE  VE`?ZON¢RVV	XU[]NPR;MOMOE
ZOMiEh6E b W]E%E%h b KE	VNS[]NSRUM a X b E EF%hOQSEU8[]NRUMW b X sXUNPQSQPEX UEkV 	=&V A NP b E	[	DX UEkV o j ?  .  	 S EW Aj ?  .  	  o  Rj  .  	  =E W(QYX%h b KE	V NY[]NPR;M[}Z b QPE b KE	[]ZOQPWXWM8 E	[}W(hOQSZi[,`?ZOEE  V A NP b E 
k)l{Âknm
 	
	
 "!$#%'&(# 	)
* p +
 ¦ x>@FBDy x } MZOW]NSQPNY[}E~QSX,R b F_ZOQSEE F2@= o j =KEF2@ G o   k£ EVXQYV ZiQ?ZVX bb KER=V	VX;[}NSRUMOMiE.ZOMOE~E bb E	Z b ER=f   e EF2@ o i  ZiQPh8=QSEKE	V	XQYXTUE*M8 RV	VXU[]NSRUMOMOE*hiXU[BD E bb E	Z b ;EWQYX_[]RUZi[}W b XUV W]NSRUMRV	VXU[]NSRUMOMOE*ZOMONY`;ZiEF%EM?W,ZOMOEE bb E	Z b E  ZiQPh8=hOZiNS[ T
`?Z8 RUM%E	[}W~OXUMi[QSE(VX;[R CZ%QPEEZN CEF%EBRUhBKE b XMiOE~Ek[dW~VRUMOM=Z%[]XUMi[E b]b EZ b sE W.R CZ%QPEk[.EZOR;hKE b XMjE	[[]RUM?W.[}Z¤[XF%F%EM?W
NP*KE b EM?W[ QPEk[,E h6R;[XM?W[BR;M?W(hOQPZj[(D ZOMOEZOMiNWOKEENP*KE b EMiVE ~hjR;Z b `?Z8 NPQM8 \XNPW*hiX;[,E2hjE b WEEh b KEkV NY[}NSRUMOXMi[(QSX
[]RUZi[}W b XUV W]NSRUM C@;BDy-x dV NOQSEVXUQSVZOQw@CBD<= o j =c@CBD< o EF2@ o E	[}W(hOQSZi[([]NPF%hOQSEK8jNPQ8\XcdZi[}W]EZOMiE2F_ZOQPW]NShOQSNSV	XsW]NSRUMiE W(ZiM~KE	V	XQYXT;EU=V E
`?ZOND XUNW(ZiMOE2E bb E	Z b E  ZOQSh  >  e @CBD< o i     e EF2@ o i 9} M
EMKEkZONPW,QPE2V R b R;QPQYXN b E8
¢b]b EZ b OXUMi[,V R?[}NSM=Zi[BE W*[]NSM?Zj[
=N8R;MV RUMiMiX4z 0PW$@B1< o E WE F2@ o X UEkV*QSEZ b [BE bb EZ b [XUQPR b [8
: £  E bb E	Z b OXMj[BQPE2VXUQSVZOQE@CBD<= q o E	[}W*E e = q   ie    E F2@ o i    @B1< o: £  E bb E	Z b OXMj[BQPE2VXUQSVZOQEE F2@= q o E	[}W(E = q e  > 9EF2@ o i  
  s¦  «w?zw " w%x ¦ y x ¨
	 ª ¨ @ ¦ B } M%X bb N;E~NYV NOXUZV	XU[QSEhiQPZi[KEQSNSV	XsW8[]N o Ek[dWh b RV A EOE$>HY   QSE(VXUQSVZOQOE?=cEF7@ G o  
b KE	[]ZOQPW]E b XEMLZOMOE_h6E b W]EE_h b KEkV NY[}NSRUM  0 XUMi[(QSE_h b RUT b XUF%FE;OV EVXU[*[}E b X TKE b KE CX hiX b W8D=N-RUM[	 XUhjE b IVRUNPW`?ZOEQSEVXUQSVZOQ
VRUMiZiNW CX(ZOM2h b RU^OQ CEF%EE.VEWd\=hjE;NSQ;[]Z¤%W D XZOT;FE	M?W]E b QSXBh b KEkV NY[}NSRUMZ2MOR;F_^ b E.E¢NSTUNPW[[}ZOhih b NSFKE	[hjX b Q R;hBKE b XW]NSRUM8
EW*E b E XN b EQSE	[(V	XQYV ZOQY[  f*NPMj[}NORUMMOEWNPE	Mi b XhjXU[,V R;F%hW]EE2VE W}WE2hjR?[][]NS^ONPQSNPWOKE2OXUMi[BQPEk[,VXUQSVZOQS[ 
H7968796  	 « ªUy-« "  w   w=y 
g E	h b EMOR;Mi[BZOM
hOQYXM
XMiXUQPR;TUZOE CX%V EQSZON8ZOW]NSQPNY[KEh6RUZ b Q¡ E h6RUMOE	M;WNPE	QPQSE 
p   XQYV ZOQSRUMj[W]R;ZWD X^6R b %Q E b]b EZ b h b R
;EMiXUM?W¢ZVXUQSVZOQjZ&V R;[]NSM?Zj[.E W[}NSM=Zi[ b XsWNPR;MOMOEQY[ ;a RUZ b QPEV R;[]NSM?Zj[?V EQSQSE T V N
[}E b KEk[}ZOF%E CX=-ZOQSh ja R;Z b QPE[}NSM=Zi[iNPQD XUZW*FZOQWNPhiQPNSE b QSE b KE	[]ZOQPWXWBEk[,RUhBKE b XsWNPR;Mi[hiX b ZiM& X;VWEZ b g ihOZiNS[`?ZOE2QPEk[
VXUQSVZOQS[¢[}R;M;W.F%E	MKE	[E	M% XNPW~X UEkV   g G	   g 	  UEW¢MORUM X ;E	V g g  	   g	  ;£  E bb E	Z b [}E b KEk[}ZiFE,R;MiVBNYV N CX 	 ZiQPh   Q[}E b XUNWhjR?[][]NS^OQPEENSFNSM=ZOE b Q E b]b EZ bCX¦=-ZOQSh=EM&E E	VWZiXM?W,QYXF_ZiQWNPhOQSNYVXsWNPR;M&hjX b g iXMi[QYXhiX b WNPE b XW]NSRUMOMiEQSQPE
E2Q XUQPT;R b NW A F%EU=E W(MOR;MXUh b	CE	[ 
G ,£  XQSTUR b NPW A F%EV RUF%F%EMjV EhiX b QSEV	XQYV ZOQDZh b EF%NSE b W]E b F%E   E	QPZON`T V ND[}EVXUQSVZOQSEE	ME	Z W]E	F%hi[w8 } MV RUF%F%EMjV E
hiX b V	XQYV ZOQSE b QSE	[VR;[]NPM=Zi[EW¢[}NSM=Zi[.Z b XsWNPR;MOMOEQV E(`?ZONRV	VXU[]NSRUMOMOEBZOMiE,E bb E	Z b E 	 ZOQSh8hOZiNS[R;ME6EkVWZOE 135456 Y'=
RUZi^OQPEk[ O£  E b]b EZ b VRUF%F%NS[]EE	[}W*RUMjVOEK8
 >  e EF7@ iKj 	  = 153546  G  >  e @CBD< iKj 	  = 1346  G
+O  Q8\XEMj[}ZONPW]E2QSE	[R;1F G e %E eg~iCif ;1F G e 1346 i R b F_ZOQSE	[BD XUiNWNPR;M i£  E b]b EZ b WRWXUQPEEk[dW*R;MiVEK8
 >  e E F2@ ij 	  = 1346  G  	 e ;DFi G e %E ehg~iCic ;DFi G e 13546 if  i  >  e @CBD< iaj 	  = 135456  G  	 e ;1F G e %E ehgiic ;1F G e 13546 if  i  
} M[ Xh6E b V R;NWXQSR b [ `?ZOEBQSE~F zE	F%E~F XscdR b XUM?W-`?ZOEBh b KE	VKE	E	F%FE	M?WE	[}W  XUQSXU^OQSEUs[}NQSEMORUF^ b EBR;M;WR;MUE	ZWQPE,V R?[}NSM=Zi[
Ek[dW(NSM KE b NSEZ bCXZOM  =NPMiRUM8ONSQ8h6EZWAzE W b EMBKEkV E	[[XN b E*OE b XcdRUZWE b E	[*NPT;NW[ 
ÂÃ ®'ÄÅ)ÆÇÆ
p	n  & &¦' '~2
?QH  
£ E	[BV A R;[]E	[[]RUM?W~NYV ND^6E	XUZiV R;ZOhhOQSZi[B[]NPF%hOQSE	[	hOZONY[]`?Z8 NSQ6\XF%RUNSMi[BD RUhBKE b XW]NSRUMi[ 2 M XUNWkQSX[}E	ZOQSENP¤V ZOQPWOKEEk[dW,E
W b R;Z UE b ZiMOER b F_ZOQSEX;KEk`;ZjXsW]EhjR;Z b QSEV	XQYV ZOQV E	[}W T CX T N b EZOMOER b F_ZOQSE2[}ZO¤ [XF%F%EM?W b XUhONYE Oa R;Z b VEQYXO=RUMZWNPQSNS[]E
Q XUQPT;R b NW A F%EhjR;Z b VXUQSVZOQPE b ;D< e  g~i OE W(R;MEk[][XNSED X ;RUN b g b E	QSXW]N UEF%E	M;W,h6E WNW j£ Ek[,NP*KE b E	M?W]E	[~R b FZOQPEk[W b RUZ ~KE	E	[
hiX b Q¡ XZOW]EZ b [}R;M;W,QSE	[([]ZON sXM?W]Ek[Y8
;1<= j  ;1<    = 
;1<= j  ;1<    8  ;1<    	 
;1<= j ;1<      =f;D<    8
 ;1<= j  	f;1<        	c;D<    	 =    	 ;1<     	=	 
£ XE b MON CE b ER b F_ZiQPEEk[dWQSXhOQSZi[(E¤ V	XUVEU6hOZONY[]`?ZOEQSE_hiQPZi[T b XMj&MiRUF_^ b E CX&V R;Mi[}NYKE b E b E	[}W  Y  iiV E`;ZiN-X;[][]Z b E2ZOMOE
VRUMUE b T;EMiVE b XhONYE w M' XNPW	 V E`?ZONDcdR;ZOEQSE hOQPZj[OXMj[2QSX =NPW]Ek[][]E EVXUQSVZOQV E	[}WQPE F%R;FE	M?W CX
hiX b W]N b Zi`?ZOE	Q.RUM
h6EZWV RUF%F%EMjV E b_CXMBKETUQSNSTUE b QSE	[W]E b F%Ek[  f*NPMj[}NOh6RUZ b QSE2QPR;T;X b NPW A F%E;?QdKE	`?ZiXW]NSRUM CX ~KE b NiE b Ek[dWw8
g G 
=  9

= !'&-(*
£ XVRUMiONWNPR;M
[]EW b XUZiNW*XUQPR b [EM W + ;DFi G e  #/.  if ;1F G e ;1F G e  Y gii} MvVRUF%h b EMiXNSMi[]N*h6RUZ b `?ZORUN*QPEk[ R b F_ZiQPEk[V N`T OE	[[}Zi[[ XF3KE	QPNSR b EM?W	hiZONS[`?ZOEQSE XUV W]E	Z b ;1F G e ;1F G e  Y g~ii  XUZW
b E	[]hjEkVWN;EF%EM?W S     EWA= w} M ;RUNPWLKE	T;XUQPE	FE	M?Wh6RUZ b `?ZORUNNSQE	[}WN¤VNPQSE EW b RUZ ;E b ZOMOER b F_ZiQPE `?ZON.[]RUNPWE	MiV R b E
F%ENSQSQPE	Z b E`;ZiEQPEk[(h b KEkVKEkEM?W]Ek[=hOZiNS[`?Z8 NSQ8 XUZi b XNPW*`?ZOEQSEhOQSZi[(T b XUMi& XUVWEZ b [}R;NW*OEQ¡ R b  b EE JG  jVE_`?ZON b EMj
QSXb E	V A E b V A EEWEQSQPEk[,V R;F_^ONSMiXNY[]RUMi[BXU[[]E |hBKE	MONP^iQPE 
?Q  
£ E b XNY[]RUMOMOE	F%EM?W-Ek[dWQSEBFzEF%E`?ZOEBh b KEkV E	OEF%F%EM?W	 E W.NSQ= XZOWW b RUZ ;E b ZOMOEB X IVRUM b XUhONSOEBOEBV	XQYV ZOQSE bks£ Ek[[}R;QPZWNPR;Mi[
[]ZON  XUM?W]E	[,[]RUM?W,EM=NY[]XUTUE	XU^OQSE	[8
>  j  E <  	   E  <  = 	   XUV A NSM88psrsm  
>  j  =E'<       E  '<  	
	   	 E <  = 	   IXZi[[Dp  #  +
>  j   E'<  =    ==E  '<  	  	    	E'<  			   	 = E <   S     	 E  <  	  	     E <  =
	   	  f b Mi=W
£ X2F%ENSQPQSEZ b E*[]RUQSZW]NSRUM Ek[dWkUE	M W A KER b NSEUsQYXE b MON CE b EUUhOZONY[]`?ZOE*VU Ek[dWV EQSQSE*`?ZONjNY[]hjR?[}E*OE	[ X;VWEZ b [.QSE	[¢hOQPZj[¢h6E WNW[  XNY[
MOR;Zi[ ;E bb R;Mi[¢E	M
h b XW]NY`?ZOE2`;Z E	QPQSE	[,[]RUM?W,h b XsW]NY`?ZOEF%E	M;WKEk`?ZONsXUQPE	M;WE	[BXZ
MON UEkXZ&W]E	Fhj[,EVXUQSVZOQ } MW b RUZ!UE b XKET?XQSEF%EM?WOXMi[ . 'EN13jE,MiRUF_^ b E	Zi[}Ek[XZW b Ek[-R b F_ZOQSE	[¢`;ZiNOhjR;Z bb XUNPE	M;W.R;MOMOE b ZOMOE(VRUF%hOQSE NWOKEBhOQSZi[
 XUNP^OQSE 
k)l{Âknm
 	
	
 "!$#%'&(# 	)
* p  
    (!--!
£ E	[2F3KEW A REk[V N`T OE	[[}Zi[_X \;XM?W2ZOMOE ^6RUMiMOEV R;F%hOQPENWOKEU8E	QPQSE	[RUM?W []RUZ ;EM?W []Z b hiXU[[KEQSE	[W]EkV A MONY`;ZiE	[2h b KEk[}E	M;WE	[
OXUMi[QPEk[XUMiV NSEMOMiE	[ ;E b [}NSRUMEF%h bk  EkV N-E	[}WXU[[]E | =NY[}NS^OQSE_OXMj[*QSEV	XU[*OE_Q E=h6RUMiEM?W]NSEQSQPEE WE  J a RUZ b [}NSM=Zi[E WVR;[]NPM=Zi[	6XUZiV ZiMOEVRUF%hiX b XNY[]RUMM8dKE WXNPWh6R;[[}NS^OQSE £ Ek[(WE	[}W[RUM?W*WRUZi[KEWOKE b KEkXQSNS[KE	[,[]Z b ZOM a E	M?W]NSZOF C   m;m A |%[}R;Zi[
£ NPM=ZD6QPEk[,W]E	F%hi[[]RUM?WORUMOMBKE	[(E	MF%NPQSQPNY[]E	V R;MiEk[ £ Ek[ b KE	[]ZOQPWXsW[([]RUM?W[]NPF%NSQSXUN b E	[[}Z b ZOMLf*QPh A X }   iF XUNS[F%ENSQPQSEZ b [
E	M&WEF%hi[(OEVXQYV ZiQ 
RQCS %'& W 1_aZWwZ][W * * W
£ E	[ b KEk[}ZiQWXsW[&[}R;M?W&NYV NW]R;ZW CX XNPWh b R;^iXM?W[	hOZONY[]`?ZOE'Q¡ ZWNPQSNS[XsWNPR;M E'Q¡ XQSTUR b NPW A FELRUZ b MONPWNYV NEk[ b KEk[}ZOQPWXW[
^ONSEM F%E	NPQSQPE	Z b [ } M ¢KE b NiE b XL^iNPE	MNYV N*QSX VRUF%hOQSE NWOKEW A KER b NY`;ZiE&NSMiNY`?ZKEE  	
 V R b]b E	[]h6RUMi CX'Q¡ XQSTUR b NPW A F%E
h b KEkVKEkEF%F%EM?WBNPF%hOQYXM?WOKEURUM?W(QSEW]EF%hi[*EVXUQSVZOQDE	[}W(EM j¦e b evwii`v J    
vKe 1 B`@ i 	
 	
" # o J 3	 S S  S 	 S  S  =  SS SS S  S  S      SiSS S     S  ·=	= SiSS =   	  	    		 SiSS  	  =  	  =    	 SSiSS 	 S 	 S   SS= SSiSS   S   S S   		 SSiSS  S 	 S 	  S S  
	 SSiSSS 	 	 SiS =2=  S S .	 = SSiSSS  	 S = S 	 SS S .	 S	 SSiSSS  	   S =    S S  	 
~+ : 'D    )9	"
  D
M W]E	Fhj[  e 3 @ i 	
 J
n

  q 
   q 
= SiSS 	  	   	 SiSS  	  = = SiSSS 	 S    = SiSSS   S =  	 SiSSS 	  S =  	 SiSSSiS ==  S =   = SiSSSiS 
	 SS = .	=	 SiSSSiS =    S =  	 
H n : &~D 2
 	# 	^&C  D 	 H#%')
*     '~ 	
 1
RQP   
£ E	[ b KEk[}ZOQPWXW[2[]RUM?WNYV NhOQPZj[F%NWNPTKE	[ w M'E6EW	-NPQ~E	[}WEW]RUZOW]E  X8IV RUMON¤V NSQSED X URUN b ZOM ^6RUMXUQPT;R b NW A F%E hjR;Z b
V	XQYV ZOQSE b ;1<=EW(Q¡ ZW]NSQSNS[XsWNPR;MEk[,[KE b NPEk[ A \=h6E b TKE	RUFKE W b NY`?ZOE	[.FR;M?W b ENYV N8[]E	[BQSNSFNPW]Ek[  | KEkXMOF%RUNSMi[	 CXhjX b W]N b E  SSiSSiS
V A NP b Ek[Q XUQPT;R b NW A F%EE	[}W(hOQPZj[BhjE b R b F XM?W 
RQH 
£CXEMjV R b EU;QPEk[ b KEk[}ZiQWXsW[~[}R;M?W~hOQSZW¹zRUW^6RUMj[?hOZONY[]`?Z8 RUMX bb N UE CXzE W b ENPR;NS[hOQSZi[ b XUhONYE*h6RUZ b 	 SiSSiSS V A NP b E	[	=V E
`?ZON8F%R;M;W b E^ONSEM`?ZOEQYX%FKE W A R=OEEk[dW,F%ENSQSQPE	Z b E 
ÂÃ ®'ÄÅ)ÆÇÆ
p    & &¦' '~2
v ?WXMiiX b  f*QPT;R b NW A F%ETKEMBKE b NS`?ZOE R b FZOQSEp  R b FZOQSE +  R b FZOQPEn	 SiSS = S  S 	 S 	 S SSiSS  S 	  S = 	 S  	 S= SSiSS =  S 2 S 	 	 S  S	 SSiSS  	  S 	  	 S = 	 SiS   SiS SSSiSS 	  SiS  S 	 	 S 	 		 S i 	 S= SSSiSS 	i	   S 	i	 =  S == S  	 	'= S	 SSSiSS = S  	  S  SiS 	'= S   	 	 S  	 S 	 S

HH   : 'D  ;1<=
v ?WXUMiOX b  f*QPT;R b NW A F%ETKE	MKE b NY`;ZiELXUV A NSM IXUZi[][ f b MiW	 SSS = S 	i	 	 S 	  SiSSiS 	 S  SiS  S  S= SiSSiS =  S 	  S =	 S =  S	 SiSSiS  	= S  S  SiS  SS SSiSSiS 	   S 	 S 	 S =	  S =		 S= SSiSSiS 	  = 	 S  	= S    S  	 SS	 SSiSSiS =
	  	  S 	 S  SS =  =  S =  =2= S
   : D 2 >
t w?z 	   y w{  E b WXUNPMj[-OE	[ b KE	[]ZOQPWXsW[R;^W]E	M=Zi[hjE	Z UE	M?WRzE W b EBXFKEQSNSR b KE	[DE	MF%RNjXM?W.Q KET CE b EF%E	M;W Q¡ XQSTUR b NPW A F%EhjR;Z b
`?Z8 NPQ[	 X b]b zE WE CEk[*`?ZOEQYXh b KEkV NY[}NSRUM
MBKEkV Ek[][XN b E2XKE WOKEXsW}WENSM?W]EU6E WMOR;MQPR b [`?Z8 NSQ X b]b N UE[]Z b ZiMOE_hOZiNS[[]XUMiV EE =   E	VN
NSMiZONPWEME6EW%ZiMh A KEMiRUF CEMiEEME	[VXUQPNSE b `?ZON,M8 X'hiXU[%QSNSEZDDzE W b E   EW}W]ER;hW]NSF%NS[XsWNPR;M3X KE}c CX KE WOKEF%EMBKEE
hjR;Z b
Q EhjR;MOEM?W]NSEQSQSEUOF XNY[BMOE2Q Ek[dW(hjXU[BEMjV R b E[}Z b Q XQSTUR b NPW A F%ETKE	MBKE b NY`?ZOE 
  
(	
!-
I b zXUVE CXQ ZWNPQSNY[]XW]NSRUM E	[R;MiVWNPR;Mi[ A \?h6E b TKERUF3KEW b NS`?ZOEk[,E W CX&QYX&F3KEW A RE 
 ~') "³
 		"
 r! 8QYX =NWE	[[}E%EVXUQSVZOQ
EVE b WXUNPMOEk[RUMiV W]NSRUMi[*E2F%h b XhOZ zEW b EXUZOTUF%E	M;WOKEE;[]XUMi[,h6RUZ b XUZWXUM;W*[XUV b NiE b E	M
h b KE	V NY[]NPR;M } Mh6RUZ b]b XEMi[]ZONPW]E
b KEZOW]NSQPNY[}E b QPEk[,FzEF%E	[BXUQPT;R b NW A F%E	[hjR;Z b V	XQYV ZOQSE b D XZW b Ek[RUMiV W]NSRUMi[	 UR;N b E2D XZW b Ek[,V RUMj[dWXM?W]Ek[ 
  (  (*
,(!
. B   r43 o;RUMiXW A XUM  R b ~E	NPMXMi a E WE b   R b ~E	NPM 
a'~	~
  NSQPE	\ T M?W]E b [V NSEMjV EUDp40   r .  b Esr   3 g NYV A X b  a  b E	M?W @BA EV R;F%hOQPENWd\RU-FZOQPW]NShOQPE Th b EkV NY[}NSRUM
X b NW A F%E WNSV   '&?D 
 	  &~	^	

  D&Y³4
 7! 8p%0=r   . I b X;mUm'3 @ R b ^c

R b MI b XMiQPZOMj  ³	
 ~1C
µ)
'
\)
 	hr&y	
f
  C)  +O m  pEkNPW]NSRUM8if*h b NPQ GUmUm;m *g(£ 8
 5 00! " # $  
  0  0 . # a 0?r43v b ZOMOR # XUNP^OQSE2XMi @BA R;F%X;[ a XhiXUMONDL;RUQYXR;Z  X;[dW,FZOQWNPh b EkV NY[}NSRUMEsXQSZiXW]NSRUMRU-[]E b NPEk[BR b XW]NSRUMiXUQ6M=ZOF^jE b [ 
p400?r . e2X b 0Op 3  L XW A X b NSMOEf  e2X b XsW[}Zi^iX  X;[dWEsXQSZiXW]NSRUMLRU.W b XMj[]VEMiOXUQZiMiVWNPR;Mi[ %C  D & &$ C2
')4)&y	")
 
 
p400Op . e2X b 0?r¹3  L XW A X b NSMOE.f  e2X b XsW[}Zi^iX s X;[dW EsXQSZiXsWNPR;M2R A \=hjE b T;ERUF%EW b NSV ZOMiV W]NSRUMi[^=\()*)   &~	^	
" 	h4¹'~ 7 ~ 	
+') p400?r . a RUQµ00'3 a R;QSe2f ,& ³	"
 D-C 
µ
' 7 1%'	"
 r! ./$'
 	0f
  C') ~p  mE	ONWNPR;M8 o;ZOMOEp4000  0 NS[]hjR;MONS^OQPE CX
Q¡ *g(£ 8
 5 00! " #    0"1	  .0  . E	N3 ¢b NYV'ENY[][}W]E	NPM  0 XWXU^iXU[]ERXUV A NSMeT QPN1LUER b F_ZOQYXU[   M  )
32  
µ)	^
   42 )1 `5 '	 &y	
*g*£ 8
 5 00       6 5     0  	875!9
0 3    +5/   
k)l{Âknm
 	
	
 "!$#%'&(# 	)
* p r
 3 *! + D*(!: B ¨s¦" y-ª ¨ @ ¦ B 6 <  	 «FG ¦  @ ¨>= zw 
G  p 0 KEiMONPW]NSRUMi[ 2222222222222222222222222222 +
G  G £  XUQPT;R b NW A F%Eh6RUZ b QPEk[ b XW]NSRUMOMiEQY[ 222222222222222222222 n
G  G  p £ X%FKE W A RE2~NSMiX b \=hiQPNPW}WNPMOT 2222222222222222222 n
G  G  G £  XUQPT;R b NW A F%E 222222222222222222222222  
G  G  +  RE2E	MXhOQSE 222222222222222222222222  
  EHE«;@¡ª 	¨ @ ¦ B 	 «  w E ¦ B w B ¨ @¡w=« « w«¡wª 	 x uw=w=« 	+i p 0 KE b KEkV Z b []NsXsWNPR;M 22222222222222222222222222  +i G £ E2VXU[ b KE	EQ 2222222222222222222222222222  +i + f*MiXQS\[}E2D E bb EZ b 2222222222222222222222222  +i +i p ¢b]b EZ b h b RZONPW]E2hjX b ZOMOE2FZOQPW]NShOQPNYVXW]NSRUM 2222222222222222  +i +i G £ X%hiX b W]NSE b XW]NSRUMOMiEQSQPE 2222222222222222222222 0+i +i + £ X^6RUZiVQPE2h b NSMiV NShiXUQPE 2222222222222222222222 0
 < w?x 	 y ¨ w=x:= ¦ B ª ¨ @ ¦ B-xw ¨ ª ¦ B-x ¨ 	 B ¨ w=x :

n  p  F%hOQSXUM?WXsWNPR;MEQ¡ XQSTUR b NPW A F%E 222222222222222222222 p	m
n  G NPM=Zi[BEW*V R;[]NSM?Zj[ 2222222222222222222222222 pkG
n  G  p  R b F_ZOQSE	[BTKEMBKE b XQSE	[ 2222222222222222222222 pkG
n  G  G  XUQSVZOQD E bb EZ b 222222222222222222222222 p +
n  + ;D<H= 22222222222222222222222222222 pn
n  n > 222222222222222222222222222222 pn
 tvuw?xky-« ¨	O¨ x : O p £  EhjR;MOEM?W]NSEQSQSE 22222222222222222222222222 p   O G ;1<= 222222222222222222222222222222 p   O + > 222222222222222222222222222222 p  
	  ¦ B ª;« y-x>@ ¦ B : 	
N !8 (! -(<E
p  h b Ek[][]NSRUM&OER;MiVWNPR;Mi[,Zi[]ZOE	QPQSE	[ CXQ XUNSE2Ek[ ! # 222222222222222 n
G  R b F_ZOQSE	[BTKEMBKE b NS`?ZOEk[.h6RUZ b QSE	[R;MiVWNPR;Mi[,Zi[]ZOE	QPQSE	[ 2222222222222222 pUp+  XUQSVZOQ8E2Q EhjR;MOEM?W]NSEQSQSE 22222222222222222222222 p  
n  R;F%hOQPENWOKE*WEF%h6R b EQSQPEW A KER b NY`?ZOEEQ¡ E h6RUMOE	M;WNPE	QPQSE 22222222222222 p     XUQSVZOQ8E;1<= 22222222222222222222222222 p  
   XUQSVZOQ8E> 222222222222222222222222222 p  
ÂÃ ®'ÄÅ)ÆÇÆ
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-0803
